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 In recent years, issues of species diversity patterns have been addressed mainly by two alternative 
ideas. These are neutral theory based on stochastic process, and niche theory based on habitat and 
competition. Although a number of studies provided evidences supporting these theories, less numbers of 
studies have been conducted to clarify the relationships between these two ideas. In this study, I constructed 
individual-based simulation models under the assumption that these two views are not mutually exclusive 
ideas, but possible to be integrated. 
  
Chapter 1 
Dynamics of evolutionary radiation under ecological neutrality (Journal of Theoretical Biology 406 1-7 
2016) 
The most spectacular phenomenon of evolutionary biota is the explosive radiation that occurs 
in depauperate environments in which there are fewer competitors and predators, such as oceanic islands 
and crater lakes. Adaptation to divergent niches has been proposed as a major cause for this accelerated 
speciation. Here, we show that neutral mutation, genetic drift, and neutral community dynamics are 
sufficient to lead to radiation. In addition, these processes yield overshooting dynamics with a decline in 
species richness in the later stages of radiation. We constructed an ecologically neutral model for a 
community on an island with a uniform environment. For the speciation process, we introduced a null 
model with minimal assumptions in which the incompatibilities between alleles in different lineages evolve 
by a random accumulation of mutations via genetic drift. Our simulations showed that the speciation rate, 
extinction rate and genetic variation of the species colonizing the island rapidly increased to a sharp peak 
followed by a decrease that approached zero. Because the extinction rate reached a peak later than the 
speciation rate, the species richness initially increased, but declined in the later stage, exhibiting 
“overshooting.” The highest species richness was found for the largest island at the largest initial population 
size. Accordingly, speciation is accelerated by the large population size of depauperate biota, whereas it is 
decelerated with increasing species richness from the decreasing population size. Explosive radiation 
without ecological divergence can occur in depauperate environments via neutral stochastic processes. 
 
Chapter 2 
Adaptive and non-adaptive radiation as alternative states in radiation 
 Two contrasting evolutionary patterns, adaptive radiation and non-adaptive radiation, have 
yielded a fundamental dichotomy of ideas about regarding evolutionary processes since the 19th century. 
The former is refers to the multiplication of lineages accompanying the differentiation of niches, supporting 
the idea of adaptive evolution. The latter refers tois diversification into many several ecologically equivalent 
species without sympatry, and provided the idea of non-adaptive evolution via genetic drift. Despite of over 
more than 100 years of controversial discussion controversy, the causes of these opposite situations 
opposing processes remain unclear. In the present study Here, we show that both adaptive and non-adaptive 
radiation occurs in the same community as alternative stable states. We constructed a model for a 
community on an island with various habitats and no physical barriers to dispersal. Our simulations 
exhibited speciation by genetic drift and/or selection, and the evolution of ecotypes specialiszed to 
particular habitats. At the equilibrium, diverse species and ecotypes appeared by as a result of divergent 
selection when dispersal rate was high, whereas many species of the same ecotype appeared parapatrically 
by convergent selection when dispersal rate was low. Thus, adaptive and non-adaptive radiations are 
alternative equilibria in radiation that are most likely to occur in depauperate environments. Non-adaptive 
radiation is, in fact, a result of adaptation.    
  
Chapter 3 
The relationship of habitat diversity and spices richness 
Diversity of available habitats has been thought as a major factor that yields high species 
diversity. However, recent studies suggest that there would be no relationship between these factors under 
some circumstances. In this study, I constructed individual-based models incorporating continuous and 
discontinuous habitats, and examined how the habitat structure affects species diversity. As results, species 
richness showed a positive correlation with habitat diversity in the environments with continuous habitats, 
while species richness became the highest under intermediate level of habitat diversity in the environments 
with discontinuous habitat. In addition, low dispersal rates of individuals yield higher species richness in 
the environments with lower habitat diversity when the habitats are discontinuous. These suggest that 
habitat diversity does not necessarily cause high species diversity when landscape is composed of discrete 
environmental units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
論文審査結果の要旨 
 
本博士論文において鈴木崇規君は、まず従来ニッチ理論のもとで考えられてきた、急速
な種多様化、すなわち放散のダイナミクスの機構を中立モデルによって理解しようと試み
た。そこで個体ベースの集団モデルを作成し、各個体は地理的な障壁のない島状の環境に
存在し、生殖に関わ遺伝子群を持つとしたうえで、距離効果によって種分化が起こると仮
定した。その結果、一定の待ち時間の後、急速な放散が起き、その後種分化率が低下する
という放散の典型的なパターンを記述することができた。また放散にみられる種数のオー
バーシュートの現象も再現できた。このことから、放散のダイナミクスは、中立モデルで
記述できることが示された。このことは、従来適応プロセスの典型とされたダイナミクス
が、確率的変化によるとする帰無仮説を棄却できないことを示しており、非常に重要な知
見である。次に鈴木君は、適応放散と非適応放散の問題に取り組んだ。適応、非適応を決
定する要因が必ずしも時間ではなく、環境や系統固有のパラメータである可能性を念頭
に、鈴木君は個体ベースの集団モデルを作成し、適応と非適応をもたらす要因を調べた。
各個体は生殖と適応に関わるそれぞれ別の遺伝子群を持つとした。環境中にはランダムに
ニッチが分布し、個体の生存率は他個体との相対的な適応具合で決定されるとした。この
シミュレーションの結果、適応放散と非適応放散は共通のフレームからパラメータの違い
によって生じうることが明らかになった。これは従来両者を区別して理解してきた放散研
究に再考を求めるものであり、重要な成果である。さらに鈴木君は環境の連続性、異質性
が、種多様性にどのような影響を与えるかを、上記のモデルを拡張して解析を行った。そ
の結果、環境の多様性が高くても、環境変化の連続性が乏しい場合には、むしろ種多様性
は減少することを明らかにした。これも斬新な注目すべき結果である。これらの研究で
は、計画、解析、考察に至るまで鈴木君はすべて独力で行い、成果を得た。以上の点は、
鈴木崇規君は自立して研究活動を行うに必要な高度の研究能力と学識を有することを示し
ている。したがって，鈴木崇規君提出の論文は，博士（生命科学）の博士論文として合格
と認める。 
 
 
 
